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(57) ABSTRACT 

Asemiconductor device includes an inner lead, a ?rst ball on 
the inner lead, a bonding pad on the semiconductor device, 
a second ball on the bonding pad, and a bonding Wire 
connecting the ?rst and second balls. The second ball is 
formed by mechanically deforming the bonding Wire. 
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SEMICONDUCTOR DEVICE AND 
MANUFACTURING METHOD THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of Wire bonding 
and to a semiconductor device manufactured through the 
method. More particularly, the present invention relates to a 
method of Wire bonding enabling high speed bonding and 
applicable to thin packages, compact-siZed, large capacity 
packages and multifunctional packages, as Well as to a 
semiconductor device manufactured through the use of the 
method. 

2. Description of the Background Art 
In order to meet the current trend of semiconductor 

package developments of compact siZe, large capacity and 
multiple functions, there have been various requirements on 
the method of Wire connection betWeen a semiconductor 
element in a package and an eXternal terminal of the 
package. 

Areverse loop such as shoWn in FIG. 8, or a chip-to-chip 
loop such as shoWn in FIG. 9 has been used for a thin 
package, a compact-siZed, large capacity package and a 
multifunctional package. 
When a reverse loop such as shoWn in FIG. 8 is utiliZed, 

an inner lead 10 and a bonding pad 6 are connected by means 
of a ?rst ball 2, a bonding Wire 1, and a stud bump (second 
ball) 9. Bonding pad 6 is formed on a semiconductor device 
(chip) 7 mounted on a die pad 8. 

When a chip-to-chip loop such as shoWn in FIG. 9 is 
utiliZed, bonding pads 6 on semiconductor device 7 are 
connected to each other by means of ?rst ball 2, the bonding 
Wire 1, and stud bump (second ball) 9. 

In the reverse loop or chip-to-chip technique, secondary 
bonding is performed on the bonding pad 6 on the chip. 
Here, a stud bump 9 is formed in advance on bonding pad 
6 as shoWn in FIG. 10, and the secondary bonding is 
performed on stud bump 9, using a capillary 4 and a Wire cut 
damper 5 as shoWn in FIG. 11. Namely, an on-bump 
secondary bonding technique is used. In the on-bump sec 
ondary bonding technique, the step of arranging a stud bump 
is necessary, separate from the step of arranging the Wire. 
This results in larger number of steps required for Wire 
bonding, resulting in loW ef?ciency in manufacturing the 
semiconductor devices. 

There is a Wire bonding technique that overcomes the 
disadvantages of the on-bump secondary bonding technique 
and improves productivity. In this technique, ball bonding is 
performed both for the primary and secondary bondings 
(hereinafter referred to as “ball-to-ball bonding”). FIG. 12 
shoWs an eXample in Which inner lead 10 and a bonding pad 
6 are connected by means of bonding Wire 1 through 
ball-to-ball bonding. 

In the ball-to-ball bonding, primary bonding is performed 
by forming a ?rst ball 2 by common spark discharge at a 
Wire tip portion. Thereafter, spark discharge is performed 
using a torch electrode 11 at a desired Wire ball forming 
portion as shoWn in FIG. 13, so that a melted ball (second 
ball) 13 is formed as shoWn in FIG. 14. Thereafter, air is 
bloWn out from an air outlet 12 to hold the melted ball 13. 
The melted ball 13 is bonded to the bonding pad 6 as shoWn 
in FIG. 15, and thus the secondary bonding is performed. 
When the second ball is formed by melting the bonding 

Wire in the above described manner, hoWever, it is dif?cult 
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2 
to form the second ball at a prescribed position With high 
accuracy. Therefore, loop control becomes dif?cult, as the 
Wire becomes too tense or too slack for the Wire loop. 

As stable formation of the second ball by melting is 
dif?cult, joining attained by the second ball bond is unstable. 

Accordingly, stable and high-speed ball-to-ball bonding is 
dif?cult, Which degrades productivity of the semiconductor 
device and, in addition, poses questions on the quality of the 
semiconductor devices. 

SUMMARY OF THE INVENTION 

The present invention Was made to solve the above 
described problems. An object of the present invention is to 
improve not only the quality but also the productivity of the 
semiconductor devices, by performing stable and high-speed 
ball-to-ball bonding. 

According to the present invention, the semiconductor 
device includes a ?rst conductive layer, a ?rst ball (bump) 
formed on the ?rst conductive layer, a second conductive 
layer positioned spaced apart from the ?rst conductive layer, 
a second ball (bump) formed on the second conductive layer, 
and a bonding Wire connecting the ?rst and second balls. The 
second ball is formed by mechanically deforming the bond 
ing Wire. Here, “ball” refers to a lump conductive portion, 
including conductive portions having spherical shapes and 
other shapes. 
As the second ball is formed by mechanically deforming 

the bonding Wire as mentioned above, it is possible to form 
the second ball by mechanically deforming the bonding Wire 
after the bonding Wire is preliminarily joined to the second 
conductive layer. More speci?cally, it is possible to perform 
the secondary bonding after the shape of the Wire loop is 
established. This enables easy and highly accurate loop 
control of the bonding Wire. Further, as the second ball is 
formed by mechanically deforming the bonding Wire, it is 
possible to form the second ball in a more stable and easier 
manner, as compared With formation of the melted ball. 

The second ball may be formed by bending the bonding 
Wire on the second conductive layer, or the second ball may 
be formed by making the bonding Wire curved on the second 
conductive layer. In either Way, the bonding Wire can be 
mechanically deformed to attain the above described effects. 
The ?rst conductive layer includes an inner lead, and the 

second conductive layer includes a bonding pad. As the 
present invention is applied to connection betWeen the inner 
lead and the bonding pad, it becomes possible to improve 
controllability of the loop shape of the bonding Wire con 
necting the inner lead and the bonding pad and, in addition, 
it becomes possible to ensure reliability and stability of joint 
on the bonding pad. 
The semiconductor device may include a base, a semi 

conductor device mounted on the base With a die pad 
interposed, a sealing resin sealing the semiconductor device, 
and an external terminal formed on a rear surface of the base. 
Here, the ?rst conductive layer includes a land formed on the 
base, and the second conductive layer includes a bonding 
pad formed on the semiconductor device. 

The present invention is also applicable to connection 
betWeen the land formed on the base and the bonding pad 
formed on the semiconductor device by means of a Wire. In 
this case also, controllability of the loop shape of the 
bonding Wire is improved While stability and reliability of 
joint on the bonding pad can be ensured. 

The semiconductor device may include a base, ?rst and 
second semiconductor devices mounted on the base With a 
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die pad interposed, a sealing resin sealing the ?rst and 
second semiconductor devices, and an external terminal 
formed on the rear surface of the base. Here, the ?rst 
conductive layer includes a ?rst bonding pad formed on the 
?rst semiconductor device, and the second conductive layer 
includes a second bonding pad formed on the second semi 
conductor device. 

The present invention is also applicable to Wire connec 
tion betWeen bonding pads formed on the ?rst and second 
semiconductor devices mounted on the base. In this case 
also, controllability of the Wire loop shape is improved While 
stability and reliability on the bonding pads can be ensured. 

According to the present invention, the method of manu 
facturing a semiconductor device includes the following 
steps. First, a ?rst ball formed at the tip of the bonding Wire 
is joined to a ?rst conductive layer (?rst bonding step). After 
the ?rst bonding step, the bonding Wire is joined to the 
second conductive layer. With the bonding Wire joined to the 
second conductive layer, the bonding Wire is mechanically 
deformed on the second conductive layer. The deformed 
portion of the bonding Wire is joined to the second conduc 
tive layer (second bonding step). 
As the bonding Wire is preliminarily joined to the second 

conductive layer after the ?rst bonding step, the shape of the 
Wire loop can be established. Therefore, as compared With 
the prior art in Which the melted ball is formed, control of 
the Wire loop is easier. Further, as the bonding Wire is 
mechanically deformed With the bonding Wire joined to the 
second conductive layer, the deformed portion of the bond 
ing Wire can surely be formed at a desired position. As the 
second ball can be formed simply by joining the deformed 
portion to the second conductive layer, the second ball can 
be formed easily and stably. Further, as the deformed portion 
of the bonding Wire is joined to the second conductive layer 
after the bonding Wire is once joined to the second conduc 
tive layer, stability of the joint betWeen the second ball and 
the second conductive layer can be improved. 

The step of mechanically deforming the bonding Wire 
may include the step of bending the bonding Wire on the 
second conductive layer, or it may include the step of 
making the bonding Wire curved on the second conductive 
layer. By either step, the bonding Wire can be deformed 
mechanically on the second conductive layer, and hence the 
above described effects can be attained. 

The bonding Wire is held by a bonding tool such as a 
capillary. Here, the step of mechanically deforming the 
bonding Wire includes the step of mechanically deforming 
the bonding Wire on the second conductive layer by moving 
the bonding tool With the bonding Wire being joined to the 
second conductive layer. 
As the bonding tool is moved With the bonding Wire 

joined to the second conductive layer, it becomes possible to 
feed the bonding Wire from the bonding tool on the second 
conductive layer, and the fed portion can be mechanically 
deformed on the second conductive layer. 

The foregoing and other objects, features, aspects and 
advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial cross sectional vieW of a semiconductor 
device in accordance With a ?rst embodiment of the present 
invention. 

FIGS. 2 to 5 are cross sectional vieWs shoWing the ?rst to 
fourth steps of manufacturing the semiconductor device 
shoWn in FIG. 1. 
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4 
FIG. 6 is a side vieW shoWing a characteristic step of 

manufacturing a semiconductor device in accordance With a 
second embodiment of the present invention. 

FIG. 7A is a cross sectional vieW of a thin package to 
Which the present invention is applied, 

FIG. 7B is a cross sectional vieW of a compact-siZed, large 
capacity package to Which the present invention is applied, 
and 

FIG. 7C is a cross sectional vieW shoWing a system-in 
package to Which the present invention is applied. 

FIG. 8 is a cross sectional vieW shoWing an example 
(reverse loop) of a conventional method of Wire connection. 

FIG. 9 is a cross sectional vieW shoWing another example 
(chip-to-chip loop) of a conventional method of Wire con 
nection. 

FIGS. 10 and 11 are cross sectional vieWs shoWing the 
?rst and second steps of on-bump secondary bonding. 

FIG. 12 is a partial cross sectional vieW of the semicon 
ductor device to Which the conventional ball-to-ball bonding 
technique is applied. 

FIGS. 13 to 15 are cross sectional vieWs shoWing the ?rst 
to third steps of the conventional ball-to-ball bonding. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An important feature of the present invention is that in 
ball-to-ball bonding technique in Which both the ?rst and 
second bondings are established by ball bonding, formation 
of the second ball is realiZed by mechanical deformation of 
the Wire. 
Embodiments of the present invention Will be described in 

the folloWing With reference to FIGS. 1 to 7. 
First Embodiment 
FIG. 1 is a partial cross sectional vieW of the semicon 

ductor device in accordance With the ?rst embodiment of the 
present invention. As can be seen from FIG. 1, inner lead 10 
and bonding pad 6 are connected by means of ?rst ball 2, 
bonding Wire 1 and second ball 3. 

Second ball 3 is formed on bonding pad 6 by bonding Wire 
1 as shoWn in FIG. 1. Second ball 3 has such a shape that is 
realiZed by mechanically bending, folding and joining the 
Wire, Whereby positional accuracy of joining is improved 
and stability of joining is attained. 
Bonding pad 6 is formed on a semiconductor device 

(chip) mounted on a die pad 8. 
One method of forming second ball 3 by bending bonding 

Wire 1 Will be described With reference to FIGS. 2 to 5. 
As shoWn in FIG. 2, ?rst bonding is performed by a 

knoWn method, so as to form the ?rst ball 2 on inner lead 10. 
Thereafter, as shoWn in FIG. 3, bonding Wire 1 is prelimi 
narily joined on bonding pad 6. The energy for the prelimi 
nary joint is smaller by several to several tens percent of the 
general energy for common stitch bonding (second 
bonding). 

With the bonding Wire 1 preliminarily joined to bonding 
pad 6, capillary 4 is operated, controlled to folloW a basic 
track such as shoWn in FIG. 4, so that bonding Wire 1 is bent 
on bonding pad 6. 
More speci?cally, after the above described preliminary 

joining, capillary 4 is moved upWard, thereafter the capillary 
is moved sideWays, thereafter capillary 4 is once loWered 
and thereafter moved upWard, and again, capillary 4 is 
moved doWnWard. 
By moving capillary 4 in this manner to draW a loop on 

bonding pad 6, bonding Wire 1 can be bent on bonding pad 
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6 as shown in FIG. 4. The bent portion of bonding Wire 1 is 
substantially joined to bonding pad 6 (main joining). The 
substantial bonding is performed With the energy suf?cient 
to establish joint betWeen the preliminarily joined bonding 
pad 6 and bonding Wire 1 and the joint betWeen the bent 
bonding Wire 1. 

After the substantial joining, bonding Wire 1 is clamped 
by a Wire cut damper 5 as shoWn in FIG. 5, and the bonding 
Wire 1 is cut. Thus, the structure shoWn in FIG. 1 results. 
As the second ball 3 is formed by mechanical deformation 

of bonding Wire 1 as described above, the positional accu 
racy in forming the ball can be improved as compared With 
the conventional second ball formed by melting, and control 
of the Wire loop can be performed With higher accuracy. 
Further, as the second ball bonding is performed by tWo 
steps of joining, that is, preliminary joining and the sub 
stantial joining, stability of the joint can also be improved. 

Second Embodiment 
Second embodiment of the present invention Will be 

described With reference to FIG. 6. FIG. 6 illustrates the 
method of second ball bonding in accordance With the 
second embodiment. 

In the ?rst embodiment described above, the second ball 
bonding is performed by bending bonding Wire 1. The 
second ball bonding may be realiZed by making bonding 
Wire 1 curved. 

Formation of the second ball by making the Wire curved 
folloWs the same steps as the ?rst embodiment, and after the 
preliminary joining shoWn in FIG. 3, the bonding Wire 1 is 
curved by an arcuate operation of capillary 4 shoWn in FIG. 
6, for substantial joining. After substantial joining, bonding 
Wire 1 is clamped by Wire cut damper 5 as shoWn in FIG. 5, 
and the bonding Wire 1 is cut. Thus, the structure of the 
present embodiment is obtained. 

In the second embodiment also, as in the ?rst 
embodiment, positional accuracy in forming the second ball 
can be improved, control of the Wire loop can be performed 
With higher accuracy, and stability of the second ball bond 
ing is also improved. 

Third Embodiment 
A third embodiment of the present invention Will be 

described With reference to FIG. 7. FIGS. 7A to 7C are cross 
sectional vieWs shoWing the overall structure of the semi 
conductor device in accordance With the present invention 
manufactured through the Wire bonding technique described 
above. 

FIG. 7A shoWs an eXample of a thin package, FIG. 7B 
shoWs an eXample of a compact-siZed, large capacity 
package, and FIG. 7C shoWs an eXample of a system-in 
package. 

The thin package shoWn in FIG. 7A includes a base 15 
formed, for eXample, of an insulating material, a semicon 
ductor device 7 mounted on base 15, and an eXternal 
terminal 16. On base 15, a die pad 8 and a land 17 formed 
of a conductive member are provided, and semiconductor 
device 7 is mounted on die pad 8. 
On land 17, a ?rst ball 2 is formed, a second ball 3 is 

formed on bonding pad 6 of semiconductor device 7, and 
?rst and second balls 2 and 3 are connected by means of 
bonding Wire 1. Semiconductor device 7 is sealed by a mold 
resin 14, so that bonding Wire 1, ?rst and second balls 2 and 
3, bonding pad 6 and land 17 are covered by mold resin 14. 

In the compact-siZed, large capacity package shoWn in 
FIG. 7B, semiconductor devices 7 are stacked, and bonding 
pads 6 of the semiconductor devices 7 are connected to land 
17 by means of bonding Wires 1. 
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6 
In the system-in-package shoWn in FIG. 7C, a plurality of 

semiconductor devices 7 are mounted spaced apart from 
each other on die pad 8. Bonding pads 6 of semiconductor 
devices 7 are connected to each other by means of a bonding 
Wire 1. 
As described above, the present invention is applicable to 

various types of packages developed recently. Here, as the 
second ball 3 can be formed at a desired position With high 
accuracy, loop control of bonding Wire 1 can be performed 
With high accuracy. This enables highly accurate control of 
interconnection of the integrated Wires. Further, as the 
second bonding is performed in tWo steps including pre 
liminary joining and the substantial joining, stability of the 
joint of the second bonding is also improved. 

Further, as the step of stud bump can be omitted in the 
manufacturing process, operation of the torch electrode 11 to 
form the second ball 3 becomes unnecessary. Accordingly, it 
is possible to form the second ball 3 simply by the operation 
of capillary 4, speeding up the step of Wire bonding. 

In the semiconductor device in accordance With the 
present invention, loop control of the bonding Wire is 
possible in an easy and highly accurate manner, and hence 
the loop of a desired shape can be obtained easily. Further, 
the second ball can be formed easily and stably as compared 
With the melted ball. Thus, stability and reliability of joining 
by the second bond can also be improved. 
By the method of manufacturing a semiconductor device 

in accordance With the present invention, the second ball can 
be formed easily and stably, and formation of a stud bump 
is unnecessary. Thus, ball-to-ball bonding can be performed 
stably at high speed. As the second ball and the second 
conductive layer are joined through stepWise joining 
process, stability of the joint betWeen the second ball and the 
second conductive layer can be improved. 

Thus, by the present invention, not only the quality but 
also the productivity of the semiconductor devices can be 
improved. 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same is 
by Way of illustration and eXample only and is not to be 
taken by Way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims. 
What is claimed is: 
1. A semiconductor device, comprising: 
a conductive layer; 
a ?rst contact comprising a ball on said conductive layer; 

a ?rst bonding pad spaced apart from said conductive 
layer; and 

a bonding Wire electrically connecting said ?rst contact to 
said ?rst bonding pad and forming a second contact, 
said second contact including at least ?rst and second 
layers of said bonding Wire, lying directly on each 
other, so that said bonding Wire includes at least one 
reverse bend, and said ?rst layer is joined to both of 
said ?rst bonding pad and said second layer and is 
betWeen said second layer and said ?rst bonding pad, 
directly opposite said ?rst bonding pad. 

2. The semiconductor device according to claim 1, 
Wherein said conductive layer includes an inner lead. 

3. The semiconductor device according to claim 1, com 
prising 

a base; 
a semiconductor element on said base With a die pad 

interposed betWeen said semiconductor element and 
said base; 
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a sealing resin sealing said semiconductor element; and 
an external terminal on a rear surface of said base, 

Wherein 
said conductive layer includes a land on said base, and 
said ?rst bonding pad is on said semiconductor ele 

ment. 

4. The semiconductor device according to claim 1, com 
prising: 

a base; 
?rst and second semiconductor elements mounted on said 

base With a die pad interposed betWeen said base and 
said ?rst and second semiconductor elements; 

a sealing resin sealing said ?rst and second semiconductor 
elements; and 

an external terminal on a rear surface of said base, 
Wherein 
said conductive layer includes a second bonding pad on 

said ?rst semiconductor element, and 
said ?rst bonding pad is on said second semiconductor 

element. 
5. A method of manufacturing a semiconductor device, 

comprising, sequentially: 

1O 

8 
joining a ball at a tip end of a bonding Wire to a conductive 

layer as a ?rst contact; 
joining a ?rst part of said bonding Wire directly to a 

bonding pad; 
mechanically deforming a second part of said bonding 

Wire, While said ?rst part of said bonding ire is joined 
to said bonding pad, so that said second part of said 
bonding Wire, is folded onto aid ?rst part of said 
bonding Wire, directly opposite said bonding pad With 
said ?rst part of said bonding Wire betWeen said bond 
ing pad and said second part of said bonding Wire; and 

joining said second part of said bonding Wire to said ?rst 
part of said bonding Wire While said ?rs part of said 
bonding Wire is on said bonding pad. 

6. The method of manufacturing a semiconductor device 
according to claim 5, Wherein 

said bonding Wire is held by a bonding tool; and 
mechanically deforming said bonding Wire includes 

mechanically deforming said bonding Wire on said 
bonding pad by moving said bonding tool With said 
bonding Wire joined to said bonding pad. 

* * * * * 


